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him, while awa; on my holiday, and in a private letter, 
Dr. Pearl’s paper. He has now seen fit, although 1 twice 
asked him to wait for a full answer until my return to 
Cambridge, to challenge me to show in the pages of 
Nature how my advice was applicable to that paper. 1 
must leave your readers to judge how far I have succeeded 
in so doing. 

The task has been far from an agreeable one. I should 
never have thought of singling Dr. Pearl’s paper out for 
public criticism in this manner had I not been challenged 
to do so. 1 can only say that if he feels himself aggrieved 
at the result, he can be in no doubt whom he has to 
thank. J. J. Lister. 

St. John’s College, Cambridge, October i. 


Radium and Geology. 

In the Proceedings of the Royal Society for May and 
August there appeared important papers by the Hon. 
R. J. Strutt upon radium in the earth’s crust and the 
earth’s internal heat. Taking known values of the heat 
production of radium, per gram per second, assuming 
Lord Kelvin’s estimate of the conductivity of rocks in situ 
and Prestwich’s estimate of the temperature gradient at the 
surface, Mr. Strutt shows that, if the gradient expresses the 
outflow of heat due to radium in the earth, the radium 
must be confined to a comparatively thin crust, because 
his laboratory experiments prove that the smallest radium 
content existing in the rocks examined would give a much 
higher gradient than the one observed if the radium were 
distributed throughout the entire earth. 

In the present connection the crust must be defined by 
the depth beyond which no heat is caused by radium. In 
these circumstances, if we adopt a certain temperature 
gradient at the surface, there is only one value of the 
radium content which will correspond to any assumed 
thickness of the crust, and there will also be one corre¬ 
sponding temperature at the bottom of the crust and 
throughout the interior. I have calculated these at intervals 
of five miles, both for Prestwich’s estimate of the gradient, 
viz. i° F. for 42*2 feet descent, and also for the more 
commonly accepted one of i° F. for 6o feet. 
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Gradient i° F. in 60 Feet. 
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From the above tables it appears that the radium con¬ 
tents Corresponding to such values as are usually assigned 
to the thickness of the earth’s crust by geologists and 
seismologists are well within the amounts contained in the 
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rocks examined by Mr. Strutt, and that consequently the 
surface gradient can be fairly accounted for by the theory. 
But we have also some indication of internal temperature 
from volcanic products. Prof. Bartoli found the tempera¬ 
ture of lava issuing from Etna to be 1060° C. If this 
came up from beneath the crust it would correspond to a 
thickness of from thirty to forty miles, according to the 
rate of increase which we attribute to the gradient. So 
far all seems favourable to the theory. 

Since any reasonable assumption for the mean radium 
content of the crust would supply sufficient heat to main¬ 
tain the observed gradient, it follows that no heat can 
pass up from the interior, because, if it did, the gradient 
would be, higher than it is. The conclusion would be that 
the earth is not a cooling body, and it is consequently 
reduced to a state of thermal stability. 

Thus a fundamental belief of geologists is shattered at 
a blow. Sir A. Geikie writes in his chapter on dynamical 
geology that “it is useful to carry in mind the conception 
of a globe still intensely hot within, radiating heat into 
space, and consequently contracting in bulk.” . . Wide 
geographical areas are upraised or depressed.” These 
changes of level are constantly going on, such as have 
been described by Prof. Hull and Dr. Spencer, and the 
recency of these movements shows that, if they are due 
to a cooling globe, that process is still in progress, and the 
primeval heat not yet exhausted. Although there may be 
differences of view as to the exact mode of its operation, 
yet it is not too much to assert that there is a consensus 
of opinion among geologists that the movements of the 
crust are chiefly attributable to the ultimate cause so con¬ 
cisely expressed by Sir A. Geikie. 

It seems clear that one or other of these views concern¬ 
ing the internal heat of the earth must yield. They cannot 
both be correct; and if the radium theory is to hold the 
field, how are the movements of the earth’s crust to be 
accounted for? O. Fisher. 

Graveley, Huntingdon, September 28. 


If the internal heat of the earth is mainly due to the 
radium present therein, must we not assume that the same 
is the case with the moon? If such were the case, then 
the internal heat of the latter would be far greater than 
we have hitherto supposed, and it would be difficult to 
explain the lack of volcanic activity there. 

The age of our satellite is not sufficient for us to assume 
that all the radium is dead or that none is being produced. 

B. j. Palmer. 

Technical Schools, Southend, October 4. 


Vectors, &c., at the British Association. 

In the report (August 30) of the discussion on the use 
and notation of vector analysis at the British Association 
it is stated that I “ deplored the substitution of vectors 
for quaternions.” The statement is misleading, for was it 
not Hamilton more than any other single man who taught 
us how to use vectors in product and quotient combin¬ 
ations? What I did and do deplore is the substitution of 
non-quaternionic vector algebras in all their variety of 
notation for the Hamiltonian or quaternionic vector algebra 
—a very different thing. 

I should like to add that (notation excepted) I was 
thoroughly in sympathy with all that Prof. Henriei said 
in opening the discussion. He showed admirably the con¬ 
ciseness of vector methods in attacking both geometrical 
and physical problems, and so far as he went in the 
limited time at his disposal there was absolutely nothing 
to choose between his mode of presentation and that which 
Hamilton himself might have adopted in the same situ¬ 
ation. In his reply at the end of the discussion he pointed 
out that the quaternion, as a quantity , could be got quite 
easily from his system by taking the difference of his. 
vector and scalar products. That, of course, is self- 
evident, but it does not seem to me to touch the real 
issue. It leaves his system still non-associative in vector 
products, and in higher applications, especially with the 
differential operator v, this introduces difficulties which 
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are unknown to the quaternionist. It is a suggestive fact 
that both Gibbs and Jahncke, in order to develop their re¬ 
spective systems, found it necessary to introduce quite other 
kinds of products of vectors-—products which are as different 
from one another as each is from the quaternion product, 
and yet have not the geometrical significance of Hamilton’s 
creation. 

There is an idea in some minds that there is a rivalry 
between vector analysis and quaternions. There is nothing 
of the kind. There is a quaternion vector analysis and a 
crowd of other vector analyses known best by the names of 
their authors, such as Grassmann, O’Brien, Gibbs, Heavi¬ 
side, Bucherer, Jahncke, Henrici, Peano, Macfarlane, &c., 
no two of whom, curiously enough, agree with one another. 
Of all these, Hamilton’s is the only vector analysis 
associative in its vector products. The importance of this 
associative law does not, of course, appear so long as we 
restrict ourselves to products of two vectors only, and, as 
a matter of fact, many vector analysts never really get to 
higher products. When, however, three or more vectors 
are to be combined, the associative law must be fulfilled 
if simplicity and flexibility of operation are to be retained. 
The vector analysis which admits the associative law in 
product combinations is the quaternion vector analysis, 
however it may be disguised by arbitrary symbolism and 
notation. C. G. Knott.; 

Edinburgh University, September 21. 


I also deplore the use of the current but misleading 
phraseology which Prof. Knott points out. Quite certainly 
Prof Knott’s more detailed statement should be substituted 
in the interests of “ terminological exactitude.” 

The Writer of the Report. 


Remarkable Rainbow Phenomena. 

When I read Mr. Spence’s interesting letter (p. 516), it 
occurred to me that the appearance of the second primary 
rainbow was due to the reflection of the sun from the sea. 
The apex of this second bow would be above that of the 
first bow, the angular distance between the apices being 
about equal to double the sun’s altitude at the time of the 
observation. 

Taking approximate figures, I make Deerness to be in 
longitude eleven minutes of time west of Greenwich, and 
in latitude 59 0 north. Assuming Mr. Spence’s times to be 
Greenwich times, the sun’s altitude at 6h. 30m. p.m. was 
about 4 0 , so that the angular distance between the apices 
of the bows would be about 8°, a resqlt differing but 
little from Mr. Spence’s estimate of 5 0 or 6°. As the sun 
sank this distance would diminish. 

I should be glad to know if Mr. Spence observed any 
difference in the intensity of the light. One would expect 
the higher bow to be the fainter of the two, as it was due 
to a reflected sun, though the loss of light by reflection 
would be diminished by the very low altitude of the sun. 
By Fresnel’s formula, the reflected sunlight would be to 
the direct sunlight in the ratio of 13 to 20. If we neglect 
the slight polarisation of this reflected light, these numbers 
will also express the relative brightness of the higher and 
lower bows, other conditions being alike. 

Probably the most remarkable case on record is that of 
the octuple rainbow, seen in 1841, by the late Mr. Percival 
Frost, from the top of Dunstaffnage Castle, near Oban. 
The sea, both behind and before the observer, was perfectly 
smooth. Four bows were seen in the sky, viz. ordinary 
primary and secondary bows due to direct sunlight, and, 
above these, primary and secondary bows due to sunlight 
reflected from the water behind the observer. 

Seen in the water in front were also four bows, inverted 
by reflection. These bows were not images of the first 
four, but images of four bows that could have been seen 
in the sky had the water been removed and the observer 
brought down vertically to a position as far below the 
sea-level as the actual observer was above it. The eight 
bows formed four intersecting circles. For further details 
and an illustration reference should be made to Nature, 
vol. xli. (p. 316). C. T. Whitmell, 

Invermay, Hyde Park, Leeds, September 29. 
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Suspended Germination of Seeds. 

The letter of H. B. P.” in Nature of September 27 
(p. S 4 °)> while giving an interesting instance of the sudden 
appearance of the foxglove on a bare hill in the north 
country, does not appear to be conclusive as to the seed¬ 
lings having developed from long-buried seeds. They 
might have originated equally well, it appears to me, from 
wind-blown seeds being conveyed to a recently disturbed 
soil, where they had an opportunity of germinating, and 
where they were not subject to the competition of other 
and stronger species. On the extensive shingle deposit 
near Dungeness, in Kent, one" of the earliest species to 
appear on the newly deposited shingle is the foxglove. 
The first is usually the oat-grass Arrhenatherum 
avenaceum, and the third is often the wood-sage 
Teucrium Scorodonia ; the seeds of all these must have 
come from some considerable distance, and it is not sug¬ 
gested that the plants arose from long-buried seeds. 

I am by no means asserting that seeds may not under 
suitable conditions remain dormant for considerable 
periods, but we want instances to prove this in which 
other factors have been carefully and completely eliminated. 
This does not appear to be the case in the above instance, 
where it is also possible that the seeds produced in the 
summer may have been blown into the interstices of the 
wall, the disturbance of which led to their dispersal over 
the site, and this might account for the absence of the 
seedlings from the neighbouring turf-surface which had 
also been disturbed, and which should have yielded them 
had the seeds been blown from the dry capsules of the 
plant after the destruction of the wall in the spring. 

Yardley Lodge, Oxford. G. Claridge Druce. 


The Rusting of Iron. 

Has anyone inquired whether the rusting of iron may 
not be associated with some micro-organisms? The facts 
that oxygen, water, and carbon dioxide are necessary; 
that iron does not rust when immersed in boiling water 
and then sealed up; that certain solutions are said to 
inhibit rusting (e.g. potassium ferrocyanide, a poison), and 
that certain other solutions encourage rusting (e.g. 
ammonium chloride and perhaps sea-water, compare the 
composition of plant-culture solutions); that iron is a 
constituent of chlorophyll, and that rusty nails sometimes 
cause blood-poisoning, all these facts suggest a case for 
inquiry. There is, I think, an iron bacterium noted in 
some of the bacteriological books. The precipitation of 
iron carbonate might conceivably hold a place in the life 
of some organism corresponding to the precipitation of 
calcium carbonate by foraminifera. 

Hugh Richardson. 

12 St. Mary’s, York, October 1. 


Colour Illusions. 

With reference to Mr. T. Terada’s letter in your issue 
of September 27 (p. 540), I noticed some similar effects 
while making experiments with a form of colour top last 
year. An old gramophone motor forms a very convenient 
way to observe this, and by using various discs painted in 
different rings and segments many curious optical effects 
may be seen. 

I was, in fact, trying to see whether the effect of the 
persistence of vision could not be used to indicate the 
speed, and, to a certain extent, it can no doubt, but the 
effect is not sufficiently definite, and there is too much of 
the personal equation present to make it of practical use. 
If a disc is painted in two or more rings, and each ring 
is divided into a different number of segments, in colours 
or black and white, it is well known that each ring will 
become a uniform colour above a certain speed, accprding 
to the number of segments ; the effect takes place at about 
forty alternations per second. Very interesting strobo¬ 
scopic and complementary colour effects may be obtained 
in this way, some of which I have not seen mentioned 
yet; the complementary colours only appear at a certain 
speed, and show best in sunlight; the effect is peculiar— 
almost iridescent sometimes. B. J. P. R. 

October 3. 
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